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Abstract
The potential usefulness of FDA’s U.S. Total Diet Study (TDS) selenium (Se) data to the nutrition community was evaluated as 
part of the TDS modernization program. TDS Se data collected from 2003 – 2010 was evaluated by comparing these data to Se 
concentration data in USDA’s Standard Reference 26 (SR26) Database. We also evaluated trends in Se concentrations over time 
and differences in Se concentrations by Market Basket (MB). Comparable SR26 foods were identified for most TDS foods; 
however, for many TDS foods, there was more than one match in SR26. TDS was found to be a unique source of analytical Se 
concentration data for four food mixtures and for several SR26 foods with imputed Se concentrations. Se concentrations in TDS 
foods were similar to analyzed Se concentrations in most corresponding SR26 foods. Se concentrations in whole wheat bread 
were significantly higher in MB 2 (U.S. West Region, collected in the winter) than in MB 1 (U.S. North Central Region, 
collected in the fall), 3 (U.S. South Region, collected in the spring), and 4 (U.S. North East Region, collected in the summer). Se 
concentrations in whole wheat bread were also significantly higher in MB 4 than in MB 3. Se concentrations in boiled eggs were 
significantly higher in MB 2 than in other market baskets. The U.S. Total Diet Study suspended analysis of Se in 2010, but FDA 
is evaluating the potential benefits of adding Se analysis back to the TDS program. Results of this study demonstrate the potential 
value of TDS concentration data for Se and other nutrients to the U.S. nutrition community.  However, it is clear that TDS data 
on generic foods (e.g. tuna, canned in water) are less useful than TDS data on more specifically defined foods (e.g. tuna, white, 
canned in water). Potential geographical and/or seasonal differences in Se contents of some foods may warrant additional 
investigation.
© 2015 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the National Nutrient Databank Steering Committee.
* Corresponding author. Tel.: +1-240-402-2397.
E-mail address: dana.pennesi@fda.hhs.gov
† Retired October 2014
Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the National Nutrient Databank Steering Committee
80   Dana Hoffman-Pennesi et al. /  Procedia Food Science  4 ( 2015 )  79 – 85 
Keywords: US FDA Total Diet Study; selenium; USDA Standard Reference 26; whole wheat bread; boiled eggs
1. Introduction
The U.S. Food and Drug Administration’s (FDA) Total Diet Study (TDS) currently collects samples of 
approximately 280 foods in each of four regional market baskets each year, and analyzes these foods for pesticides, 
industrial chemicals, radionuclides, toxic elements and nutrient elements. TDS regions and corresponding season in 
which samples are collected are shown in Figure 1. In each market basket, foods are sampled from three different 
cities and these three samples are composited for analysis. The TDS foods list, revised most recently in 20031, is 
designed to include representative foods from a variety of types of foods in the American diet; foods selected to 
represent the various categories of foods are those with the highest consumption level. For example, Sunflower seeds 
(shelled), roasted, salted was selected as the representative food for the nuts and seeds category. FDA is currently
working to develop a new TDS foods list.
Figure 1. Total Diet Study Regions and Seasons
TDS measurement of food concentrations of selenium (Se) began in 1973, but was suspended in 2010.  Se is an 
essential nutrient with the potential for toxic effects at relatively low dietary intakes.  Results of the 2009-2010 What 
We Eat in America, National Health and Nutrition Examination Survey indicate that average daily Se intake by 
Americans 2 years and older is 108.5 μg from foods and 120.8 μg from foods and supplements2; the Tolerable Upper 
Intake Levels for Se set by the Institute of Medicine range from 90 μg/day for ages 1 – 3 years to 400 μg/day for 14
years and older3.  FDA is currently evaluating the possibility of renewing the Se analysis program as part of the 
TDS.
The objective of this study was to evaluate the potential usefulness of TDS Se data to the nutrition community as 
part of modernizing the TDS program.
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2. Materials & Methods
Average Se concentrations in TDS foods collected from 2003 through 2010 were compared with Se concentration 
data in USDA’s Standard Reference 26 (SR26) Database4
3. Results & Discussion
. Se concentration data in SR26 represent all available
high quality Se concentration data, including older TDS data. Differences in Se concentrations by market basket 
were evaluated in selected foods using analysis of variance (ANOVA) and test commands in Stata v.12 (StataCorp, 
College Station TX).
SR26 foods corresponding to TDS foods were identified for 261 foods. No SR26 matches were found for four 
TDS foods: Beef stroganoff w/ noodles, homemade; Tuna noodle casserole, homemade; Macaroni salad, from 
grocery/deli; and Sour cream dip.  In some cases, multiple SR26 foods were found to correspond to individual 
generic TDS foods; for example, the TDS food Tuna, canned in water, drained was mapped to both Fish, tuna, 
white, canned in water, drained solids and Fish, tuna, light, canned in water, drained solids in SR26.
TDS Se concentrations for the 25 foods with the highest Se concentrations are compared with Se concentrations 
in corresponding SR26 foods in Table 1.  Se concentrations in some SR26 foods were imputed from concentrations 
in the raw form of the food or from concentrations in similar foods.  The number of data values underlying means 
for some SR26 items are in some cases lower than 32, the sample size for TDS items collected from 2003 – 2010.  
Table 1. U.S. TDS and USDA SR26 Average Selenium Concentration Values in High Selenium Foods
Food Description
TDS SR26
Se 
µg/100g           
(n=32 per item)
#  Itemsa n per itemb Se µg/100g
Tuna, canned in water, drained 61.1
          Light 1 4 70.6
          White 1 2 65.7
Sunflower seeds (shelled), roasted, salted 59.6
          Dry-roasted 1 0c 79.3
          Oil-roasted 1 5 78.2
Liver (beef/calf), pan-cooked w/ oil 53.9
          Beef liver, pan-fried 1 4 32.8
          Veal liver, pan-fried 1 2 24.9
Pork chop, pan-cooked w/ oil 50.3 10 0 - 12 36.1 - 45.4
Pork roast, loin, oven-roasted 47.9 16 0 - 12 34.9 - 46.4
Pork bacon, oven-cooked 47.0 1 4 59
Yellow mustard 37.8 1 1 32.9
Turkey breast, oven-roasted 36.2 2 6 30.2
Ham, cured (not canned), baked 33.0 30 0 - 28 19.5 - 49.9
Salmon, steaks/fillets, baked 32.8 9 0d 14.1 - 46.8
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Eggs, boiled 32.2 1 69 30.8
Beef steak, loin/sirloin, broiled 31.6 36 0 - 6 10 - 38.9
Bread, cracked wheat 30.2 1 3 25.3
Bagel, plain, toasted 30.1 1 2 25.2
Bread, whole wheat 30.1 1 7 25.7
Egg, cheese, and ham on English muffin, fast-food 29.3 1 4 30.3
Chicken breast, oven-roasted (skin removed) 29.3 1 20 27.6
Chicken thigh, oven-roasted (skin removed) 29.1 1 5 27.1
Noodles, egg, enriched, boiled 29.0 1 41 23.9
Shrimp, boiled 28.3 1 0e 49.5
Beef roast, chuck, oven-roasted 26.6 13 0 - 4 28.3
Pork sausage (link/patty), oven-cooked 26.4 1 6 20.7
Cheese, cheddar, natural (sharp/mild) 26.3 1 37 13.9
Chicken leg, fried, fast-food  (w/ skin) 25.7 1 0d 26.2
Oat ring cereal 25.6 1 3 24.9
a    # Items is the number of SR26 foods corresponding to a TDS food
b    n per item is the number of individual values averaged per SR26 item. An n of zero indicates that the SR26 Se concentration value 
is imputed.
c    Imputed from analytical data on another form, n=5. 
d    Imputed from analytical data on raw products, number of samples 1 – 4 per item.
e Imputed based on recipe.
In general, TDS Se concentrations were in the same range as Se concentrations in corresponding SR26 foods.  
One of the exceptions is cheddar cheese; the TDS mean Se concentration in cheddar cheese is 26.3 μg/100 g (n=32) 
and the SR26 mean Se concentration in this food is 13.9 μg/100 g (n=37).
TDS Se concentrations in tuna canned in water, sunflower seeds, whole wheat bread, and boiled eggs are shown 
in Figures 2 – 5.  
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Figure 2. Selenium Concentrations in tuna, canned in water, drained, U.S. TDS Composites 2003-2010 (n=32)
MB: Market Basket.  MB 1 includes foods sampled in the fall from each of three cities in the North Central region; MB 2 includes foods sampled 
in the winter from the West region; MB 3 includes foods sampled in the spring from the South region; and MB 4 includes foods sampled in the 
summer from the North East region.  No significant differences were found in Se concentrations determined for different market baskets.
Figure 3. Selenium Concentrations in sunflower seeds (shelled), roasted, salted, U.S. TDS Composites 2003-2010 (n=32)
MB 1 includes foods sampled in the fall from each of three cities in the North Central region; MB 2 includes foods sampled in the winter from 
the West region; MB 3 includes foods sampled in the spring from the South region; and MB 4 includes foods sampled in the summer from the 
North East region.  No significant differences were found in Se concentrations determined for different market baskets.
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Figure 4. Selenium Concentrations in bread, whole wheat, U.S. TDS Composites 2003-2010 (n=32)
Se concentrations in whole wheat bread were significantly higher in MB 2 (West region, collected in the winter) 
than in MB 1 (North Central region, collected in the fall), 3 (South region, collected in the spring), and 4 (North East 
region, collected in the summer) (p < 0.01).  Se concentrations in whole wheat bread were also significantly higher 
in MB 4 than in MB 3 (p < 0.01). 
Figure 5. Selenium Concentration in eggs, boiled, U.S. TDS Composites 2003-2010 (n=32)
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Se concentrations in boiled eggs were significantly greater in MB 2 (West region, collected in the winter) than in
the other market baskets (p < 0.01). 
These results indicate that there may be geographic and/or seasonal variability in these products.  However, based 
on the current TDS sampling plan in which foods are sampled from each region in the same season from year to 
year, the effects of region and season cannot be separated. The TDS sampling plan is currently under review and 
will likely be revised to allow better characterization of the separate effects of region and season in the future.
4. Conclusions
Results of this study demonstrate potential value of TDS concentration data for Se and other nutrients to the U.S. 
nutrition community. TDS is a unique source of analytical Se concentration data for four food mixtures and for 
several SR26 foods with imputed Se concentrations. Because 32 TDS analytical Se values are available for each 
food, TDS Se data could potentially be an important addition to existing Se concentration values in food 
composition databases. The TDS program provides concentrations on multiple analytes in the same food, allowing 
potential exploration of interactions between Se and other nutrients or Se and toxicants. Because TDS data are 
collected at regular intervals, TDS data allow detection of trends in contents of Se and other nutrients/toxicants.
This review showed that TDS data on Se could potentially be incorporated into the SR database to augment 
sparse data or to substitute for imputed data for foods that are described at the same level of detail in both databases, 
such as Shrimp, boiled and Yellow mustard. However, where TDS food descriptions are more generic than those in 
the SR database, as in the case of the TDS tuna item, TDS data cannot be used as source values for SR foods. The 
need for specificity in food descriptions is being considered in revising the TDS food list. Potential geographical and 
seasonal differences in Se contents of foods should be further explored; in the future, it may be important to provide 
for separate analysis of geographical and seasonal impacts on composition.
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